An exceptional discovery was made in 2013 in the northern French Alps, at the Grande Rivoire site in Sassenage (Isère department): an obsidian bladelet from Sardinia was found in a cultural horizon dated to about 5360-5210 CAL B.C. The abundant arrowheads found with it are characteristic of the Early Neolithic in the South of France (Cardial/Epicardial). Yet there was no pottery or domestic fauna, and only discrete markers of farming. The typological, technological and micro-wear analysis of this bladelet, as well as the determination of the origin of the raw material, open new avenues of reflection for the neolithization of the northern Alps, in particular concerning the role played by the Early Neolithic cultures of northern Italy.
Introduction
In the northwestern Mediterranean, the first signs of the Early Neolithic are dated to 5800-5600 CAL B.C. and are linked to the Italian Ceramica Impressa culture (Guilaine and Manen 2007) . Evidence of this culture is present along different areas of the coastline, but thus far absent in the northern zones (FIGURE 1). In the northern French Alps-a mountainous region not very conducive to agriculture apart from its alluvial plains-the agro-pastoral economy only emerged later, alongside the development of the southern Cardial and Epicardial cultures, between 5600 and 5000 CAL B.C. (Nicod and Picavet 2003; Perrin 2008) .
To date, no indication of the Early Neolithic has been discovered at low altitudes in the north Alpine alluvial plains (FIGURE 1), perhaps due to the thick overburden of Holocene sediments. However, several middle and high-altitude sites have yielded remains from this period, in particular in the sub-Alpine Vercors Massif (FIGURE 2) (Nicod and Picavet 2003) . These are, on the one hand, caves and rock shelters situated on the edge of the massif, and on the other hand open-air sites at high altitudes. All of these sites were excavated some time ago and/or present poorly developed stratigraphic contexts, and indications of the agro-pastoral economy (domestic fauna and cereal remains) and characteristic Neolithic artifacts (pottery and polished stone) are rare, or absent, whereas remains indicative of hunting practices (wild fauna and/or flint arrow heads) are abundant (Nicod and Picavet 2003) . It is difficult to ascertain, based on current data, if these are newly founded agro-pastoral communities, with a southern origin, who adapted their economy to the mountainous environment, or native populations, rooted in the local Mesolithic, who partially and/or progressively adopted Neolithic elements as a result of interaction with southern farming societies.
Over the past few years, excavations at the Grande Rivoire site, in substantial stratified sedimentary deposits, have renewed interest in this debate. Indeed, at this site, it is now possible to identify traits pointing to continuities (spatial and hunting organization of the occupations) and traits pointing to cultural ruptures (evolution of the lithic industries, appearance of domestic fauna) between the Second Mesolithic and the Early Neolithic (Nicod et al. 2012) . In this context, the exceptional discovery of a bladelet made of Tyrrhenian obsidian in the Early Neolithic levels (5350-5100 CAL B.C.) came as a real surprise. Although, at the present time, this discovery is a unicum, it opens new avenues for the interpretation of the processes of north Alpine neolithization. Indeed, through it, we obtain information on the contacts and exchange networks between the first agropastoral communities of both sides of the Alpine massif.
Discovery Context: The Grande Rivoire Site
The Grande Rivoire archaeological site is located near the town of Grenoble (Isère department), in the Furon Valley of modern day France, which forms the main access route to the subAlpine Vercors Massif from the Cluse de l'Isère (FIGURE 2). It is a rock shelter at an altitude of 580 m, at the foot of a south-facing Senonian limestone cliff (FIGURE 3). It is relatively small, with a ground surface of about 80 m 2 (FIGURE 4). The site was discovered in 1986, after quarry works dislodged the adjacent slope deposits. Five salvage excavation campaigns were carried out by Régis Picavet between 1986 and 1994 (Picavet 1999 . Research-driven excavation began in 2000 and has continued since under the direction of P.-Y. Nicod.
The current understanding of the stratigraphy is that the deposit is over 5 m thick, and can be subdivided into three distinct sequences. The silty and gravelly upper sedimentary sequence comprises levels from the Gallo-Roman, the Metal Ages, and the Bell Beaker culture (2500 CAL B.C.-500 CAL A.D.). The occupation of the rock shelter was sporadic during these periods, and comprised diverse activities linked to combustion structures and periodic livestock penning .
The middle sedimentary sequence contains levels from the Late Neolithic, the Middle Neolithic, and the Early Neolithic (5100-2500 CAL B.C.). This is a sheepfold sequence with a complex interstratification of wood ash layers and fossil dung strata . The archaeobotanical analyses (Delhon et al. 2008) illustrate the use of leafy and flowering tree branches as fodder, and suggest that some species were used for special purposes in relation to the tending of livestock (e.g., litter, dietary supplements, veterinary practices).
The lower sedimentary sequence (FIGURE 5) comprises levels from the early Neolithic, the Second Mesolithic, and the First Mesolithic (8400-5100 CAL B.C.). This constitutes a series of predominantly grey-colored strata rich in wood ash and/or organic matter (Nicod et al. 2012; Angelin et al. 2016) . The richness of these levels in terms of number of archaeological finds provides insight into the lives of the hunter-gatherer societies of the Mesolithic, and of the first agro-pastoral societies of the Early Neolithic.
The obsidian bladelet, the focus of this article, comes from the top part of the lower sequence. Its location within the stratigraphy is indicated in Figure 5 by the red square in layer "d138", which is attributed to the Early Neolithic without pottery. We now turn to the detail of the Second Mesolithic and Early Neolithic levels prior to livestock penning (henceforth referred to as "pre-pen" levels).
The sedimentary context
The obsidian bladelet was discovered in the excavated sector NR16-21, in the central part of the shelter, well protected by the rocky cliff overhang (FIGURE 4). The Second Mesolithic and pre-pen Early Neolithic layers extend over a thickness of about 80 cm (FIGURE 5); they were excavated in 25 successive layers (layers d127-d151).
The sedimentological analyses confirm that these sediments are mainly anthropic and that they are primarily composed of wood ash (Nicod et al. 2012) ; these sediments are the subject of ongoing study by Bernard Moulin and JacquesLéopold Brochier. In addition, in the Early Neolithic levels, we also identified coprogenous elements indicating the presence of herbivores (e.g., spherulites, beds of organic matter, plant debris, stones impregnated with organic matter), but in much lower quantities than in the overlying pen sequence . Therefore, based on current data, we cannot ascertain whether they are related to domestic animal species accompanying humans in the shelter, or to wild species sheltering independently of a human presence.
The cultural context
The archaeological material demonstrates abundant faunal remains and knapped lithic components in flint and rock crystal. What is more, there is good evidence of bone industry and adornments, as well as limited pottery, in the most recent levels. Based on the current data, we propose a chrono-cultural division into four horizons (FIGURE 5) .
The first horizon is from the Second Mesolithic (sector NR16-21, layers d151-d145). It is characterized by flint debitage focusing on the production of very regular bladelets, which were then fractured with the microburin technique to make trapezoidal or triangular armatures (type BG1 according to Perrin [2001] ). It also yielded notched bladelets (so called "Montbani bladelets") and truncated blades and bladelets, as well as abundant burnt hazelnut shells. This horizon can be attributed to the Castelnovian culture, which corresponds to the Second Mesolithic in southeastern France and Italy (ca. 6700-5500 CAL B.C.) (Perrin and Binder 2014) .
The second horizon is a mixed complex (layers d142-d143) with an association of lithic elements traditionally attributed to the Second Mesolithic (trapezoidal type BG1 armatures according to Perrin [2001] ) and the Early Neolithic (Cardial and Epicardial type cutting arrow armatures, type BG3 according to Perrin [2001] ). This association of culturally distinctive elements probably results from taphonomic events and therefore does not appear to correspond to a prehistoric reality (Nicod et al. 2012) .
The third horizon belongs to the Early Neolithic without pottery (layers d141-d133), within which the obsidian bladelet was found. This horizon contains a lithic toolkit clearly dominated by Cardial and Epicardial type cutting arrow armatures (type BG3 according to Perrin [2001] ). Apart from these armatures and very few cereal grains, Neolithic components seem to be absent from these levels (absence of pottery and domestic fauna).
Finally, the fourth horizon corresponds to an Early Neolithic horizon with pottery (layers d132-d127), prior to pen occupations. It yielded numerous cutting arrow armatures (type BG3 according to Perrin [2001] ) and the faunal remains of predominantly wild animal species. This demonstrates that hunting was still actively practiced. Nonetheless, a few domestic fauna bones and cereal grinding elements point to an agro-pastoral economy. Pottery is present but remains discreet. The cutting arrow armatures, meanwhile, still suggest affinities with the southern Early Neolithic (Cardial and Epicardial), whereas some pottery elements evoke northern Italy (Fiorano culture).
The radiocarbon dates
The prehistoric occupations of the Grande Rivoire site are currently sequenced by nearly 80 radiocarbon dates. Fourteen of them concern the levels under scrutiny and were measured on bone collagen or carbon (TABLE 1). The date Lyon-11556 (SacA-39073) corresponds to the level of the obsidian bladelet (sector NR16-21, layer d138). After the Bayesian modeling of these measurements with stratigraphic constraints, we propose the following milestones for the different cultural horizons (FIGURE 6 ). The earliest horizon, attributed to the Second Mesolithic, dates to 6610 and 6160 CAL B.C. (a posteriori maximum at 95%). The mixed Second Mesolithic/Early Neolithic complex dates to between 5500 and 5400 CAL B.C., after a hiatus of several centuries. The Early Neolithic horizon without pottery, which contained the obsidian bladelet, is dated to between 5360 and 5210 CAL B.C. Finally, the Early Neolithic with pottery dates to between 5170 and 5090 CAL B.C.
The lithic flint assemblage associated with the obsidian bladelet
The lithic assemblage from layer d138 in sector NR16-21 yielded a total of 1728 elements (TABLE 2). The majority of these (1302 elements, or 75%) are debris or fragments. This data points to an alteration of the objects linked to trampling, but also shows that at least some of the knapping activities took place on site. The presence of several technical elements (in particular, core tablet trimming flakes) confirms the latter hypothesis. However, the absence of cores and the low number of primary flakes suggest that not all the debitage took place in the shelter and that the production chaîne opératoire probably took place in different areas. The diversity of the raw materials also supports this likelihood. Some raw material is present nearby, including in the shelter walls. However, this flint is of mediocre and variable quality and was not frequently used (18% of the assemblage excluding debris and fragments). The raw material for knappers mainly came from regional sources, from several kilometers to several tens of kilometers away. The Vercors plateaus and the neighboring regions, such as Chartreuse to the north and Diois to the south, contain many high-quality flint deposits (Riche 2002; Bressy 2003) and were widely used in all the Grande Rivoire occupations (Angelin 2017) . The detailed analysis of raw material provenance has not yet been completed but these exotic materials represent nearly 80% of the debitage products.
Local flints were mainly used for flake production, generally with simplified operating modes and by direct hard hammer percussion. The main aim of lithic production was to obtain regular bladelets with one or two facets. Regional flints comprise over 20% of lamellar products, generally obtained by indirect percussion. Rock crystal is also used occasionally and these artifacts show an in-depth knowledge of the crystalline Alpine massifs, the nearest of which are about twenty kilometers from the site.
Fifty-nine retouched objects were gathered in this horizon, including 55 (93%) in exotic flints, and 45 (76%) on lamellar blanks, illustrating the main production aim. The typological Table 1 . Grande Rivoire in Sassenage (Isère, France): calibration of the available radiocarbon dates for the Second Mesolithic and Early Neolithic pre-pen levels from sector NR16-21 (layers d127-d152) and from sector SU16-22 (layers d15-d34). Calibration was performed with the "IntCal13" curve (Reimer et al. 2013 . The two probability density curves obtained for each of the predefined phases correspond to the HPD (Highest Probability Density region) at 95% from the beginning and the end.
range displays little variation (TABLE 3) , and comprises four end scraper fragments, a side scraper, two truncations, two fragments of backed elements, four used non-retouched elements, and eight tool fragments that are too small to identify tool type. The remaining 38 objects (64%) are projectile armatures (FIGURE 7). They are all of symmetric trapezoidal or triangular shape (BG category according to Perrin [2001] and Perrin and colleagues [2017] ). The most represented type is the geometric with inverse bitruncations and direct flat retouch (sub-type BG32, or "Montclus arrowheads"), with a total of eight objects. These armatures, and more generally, all of the BG3 type armatures (geometrics with inverse bitruncations), are frequent at all the Early Neolithic Cardial and Epicardial sites in the South of France (Binder 1987) and are also well represented in all the Early Neolithic levels of the Grande Rivoire site (NR16-21, layers d116-d142).
The predominance of projectile armatures in the assemblages, the variety of the raw materials used and the presence of only part of the chaîne opératoire at the site (or at least in the excavated part of the site) imply that these occupations were relatively temporary or seasonal and largely organized around hunting.
Analysis
The subject of this work, namely the obsidian bladelet (FIGURE 8), comes from layer d138 from excavation sector NR16-21 (FIGURE 4). It was discovered in a compact level of wood ash dated with certainty to the Early Neolithic without pottery (FIGURE 5). The full reference of this object is GR13.R18a.d138.LBl(B).
Morphological and technological analysis of the bladelet
The methodology used for the technical analysis of this bladelet is based on principles that have been commonly used in France for the past few decades (Tixier et al. 1980 ). The piece is analyzed for specific marks on its surface, which provide information that allows us to put the object back within its life history process, from its acquisition as raw material to its abandonment. The typology follows that established by D. Binder (1987) for the Early Provencal Neolithic, and subsequently modified by T. Perrin (2001; Perrin et al. 2017) . It is based on a tool classification that depends on prioritized characteristics (e.g., type of blank, position of retouch, direction and extent of retouch) and not on assumed tool function.
The bladelet presents three facets and is from the full debitage phase. Even though it is retouched, particularly on the distal part, it is almost whole, and the original length must only have been reduced by a few millimeters. It is 25.1 mm in length, 10.5 mm wide, and 3 mm thick (FIGURE 8), and weighs 0.9 g. The bladelet is relatively arched and presents slight thickening in the distal part. Lines linked to the propagation of the shock waves are clearly visible over the whole length of the lower surface. The butt is smooth and concave, and is 6 mm long and 2 mm thick. It is very tilted towards the back, by about 70°, and outlines a very slight lip. The edge is only very slightly or not abraded, and the bulb is diffuse. The upper surface bears scars of four previous lamellar removals, with similar characteristics to the bladelet.
All these observations suggest that the debitage of this bladelet was carried out with an indirect percussion technique. The relative irregularity of the bladelet, the thickness, the width of the butt, and especially the very acute angle do not appear to be compatible with pressure flaking. This analysis points towards indirect percussion. The distal end of this small bladelet was shaped by abrupt retouch. This orthogonally truncated the bladelet and also slightly affected its left edge. From a strictly typological point of view, this is a thin object with a normal long truncation (type TR22B [Perrin 2001 ]) associated with a partial backed edge. Two very slight lateral notches are located opposite each other on the proximal part. With the exception of the retouched parts, practically the whole object presents clearly rounded, even abraded ridges, on both surfaces and edges.
Microwear analysis of the bladelet
Microwear studies of obsidian are still not common today, but it is generally agreed that the characterization of diagnostic use traces is relatively similar to those observed on flint: scars, striations, blunting/abrasion, and micropolish (Keeley 1980; Anderson-Gerfaud 1981; Plisson 1985; Van Gijn 1990; Gonzá-lez Urquijo and Ibáñez Estévez 1994; Gassin 1996) . However, the experimental obsidian corpuses described in the literature on which our identifications are based reveal several specific characteristics inherent to the properties of the rock (Hurcombe 1992 ; Rodriguez Rodriguez 1998; Anderson-Gerfaud and Formenti 1996; Astruc 2011; Clemente Conte et al. 2015) . In fact, apart from blunting and abrasion, which develop in a similar manner on flint and obsidian, micropolishes and their attributes (e.g., layout, limit, etc.), are less visible due to the high reflectivity of obsidian. Its relative fragility also influences the speed of formation of striations and chipping. This volcanic glass is also slightly more sensitive than flint to post-depositional mechanical and chemical alterations such as micro-retouches, microscopic dissolution of the surface, and star-shaped alterations.
The macroscopic and microscopic observations were made with a Nikon Z800 stereomicroscope (6×-50×) and a Nikon Eclipse LV150 metallographic microscope with reflected light (50×-200×). The photographs were taken with a Nikon DS-Fi2 camera and NIS software. The different kinds of microwear observed on our bladelet seem to correspond to distinct and successive processes. Blunting is visible with the naked eye or at low magnifications on most of the edges and ridges, as can be seen in Figure 9 . The cutting edges are rounded, symmetrical, or slightly oriented towards the inverse surface, with blunting of variable intensity, but particularly well developed on the proximal quarter of the right and left edges (FIGURE 9D). At a microscopic scale, the Grande-Rivoire bladelet's blunted surface presents a grainy, coarse, and matte surface, with no striations or indication of direction (FIGURE 9H). On the ridges and the lower edge of the butt, the flatter morphology of the blunting in places seems to correspond to more marked abrasion (FIGURE 9E). This wear is also visible on the percussion bulb. Several streaks of shiny coalescence were identified on the proximal part of the left edge and rare spots of slightly shaped to flat micropolish were observed on the proximal zone of the central ridge (FIGURE 9G).
The morphology and the distribution of these traces suggest several hypotheses. A taphonomic origin of the blunting was initially considered, yet further macro-and microscopic observation of the surface of the obsidian and the cutting edges revealed a rather satisfactory conservation status. Nothing seems to indicate that the bladelet underwent any substantial mechanical, chemical, or thermal postdepositional damage. Damage to the edges is very limited and the micro-surface of the object presents no particular alteration (e.g., dissolution, disorganized striations).
In the same way, it is unlikely that a hafting system caused the blunting. Experimental flint reference collections show that effective hafting, when the tool is sufficiently well inserted into the handle, generates practically no rounding of the edges and the ridges (Rots et al. 2002; Rots 2010 ). Although we cannot directly extrapolate these data to raw materials other than flint, it is possible to assume that hafting marks on obsidian tools are similar, at least for the formation of blunting.
Unlike hafting, transport in a dangling leather bag causes traces similar to those observed on the obsidian bladelet. Indeed, after several days, rounding, which can be very intense, forms uniformly, but preferentially on the dorsal ridges. It is generally associated with an abrasion polish and spots (Rots et al. 2002) . We can thus suggest that the bladelet may have been transported in a leather bag. What is more, the distribution of the blunting, which is much more accentuated in the proximal part of the lateral edges, suggests that it was also used, probably for scraping a material such as hide, which produces rounding of the active edges and a matte and rough-textured micropolish.
This evidence points to one conclusion: the bladelet appears to have been recycled. Indeed, the distal and distallateral retouches and the notches on the right and left edges clearly cut into the blunting and therefore occurred after it. In these retouched parts, the cutting edges and the ridges of the removal scars are sharp and present a fresh aspect, contrasting with the rest of the object (FIGURE 9B AND C) . The main type of microwear observed on these specific areas of the bladelet was striations. On the inverse surface of the right notch, they are clustered together, with a perpendicular to slightly oblique orientation (FIGURE 9F). Other deep, wide, and oblique striations are located on the lower surface of the distal truncation where they are associated with slight abrasion of the edge and could be attributed to the transverse working of a hard material with an abrasive component (FIGURE 9A). However, due to the absence of visible traces on the retouch scars, it is not possible to describe this technical gesture. Due to the singular nature of this obsidian bladelet and the fact that it is an isolated object, it is difficult to interpret the traces. However, the multiple marks of wear and their chronology, which is probably linked to the transport of the bladelet, as well as the use of the proximal part, and the recycling of the object itself, all bear witness to its intensive use, and to a life cycle that was voluntarily prolonged. This lithic object therefore had a very long lifespan, allowing us to put forward that it probably held a particular status, such as a special economic, social, or symbolic value.
Obsidian sourcing
The study of the raw material provenance was carried out at the Institut de recherche sur les Archéomatériaux -Centre de recherche en physique appliquée à l'archéologie (IRAMAT-CRP2A, UMR 5060, Pessac). Geochemical analyses by energy dispersive x-ray fluorescence (EDXRF) allowed for preservation of the bladelet. These were non-destructive, as is possible with the Seiko SEA6000vx microanalyser. The Rh source (50 kV/1 mA) and the high resolution SDD Vortex detector allow for the detection of at least 17 minor elements and trace elements (Leck et al. 2018) . Eight elements (Mn, Fe, Zn, Ga, Rb, Sr, Y, and Zr) are systematically measured in obsidian analyses (D 'Anna et al. 2015; Orange et al. 2017) . The dimension of the collimator (3 × 3 mm) used in our analysis and the number of punctual measurements (9) taken for the sample reduce the effect of any potential local heterogeneity, such as the presence of crystalline inclusions.
The geochemical analyses on the bladelet (TABLE 4) were compared to the data obtained in similar conditions on obsidian from potential "source-islands" in the Western Mediterranean (Lugliè et al. 2014 ). The results demonstrate the Sardinian origin of the obsidian found at Grande Rivoire, and exclude the islands of Lipari, Palmarola, or Pantelleria as sources. In addition Figure 10 shows, based on log(Zn/Rb) and log(Zr/Rb), that the raw material of this artifact belongs to the SC type geochemical group from the Sardinian volcanic complex of Monte Arci (Tykot 1997; Lugliè et al. 2006 Lugliè et al. , 2011 .
Discussion

Cultural components of Early Neolithic in northern Italy and southern France
In northern Italy as in southern France, the neolithization process takes place during the 6th millennium B.C. (FIGURE  1) . The first evidence, dated to ca. 5800-5600 CAL B.C., is attributed to the migration of small colonizing groups, directly issued from the Ceramica Impressa culture of central Italy (Guilaine and Manen 2007) . Despite possessing the technical skillset of the Neolithic (e.g., ceramics, agriculture, animal husbandry, polished stone axes, sedentary habitats), their lithic industries demonstrate some affinities with previous Mesolithic productions, suggesting contacts and technological transfers between these groups during the formation of the Ceramica Impressa ). The current state of the research on these first agro-pastoral implementations indicates that they were short-lived and seem to have remained without offspring. One or two more centuries pass before numerous Neolithic settlements are identified. Just as before, the implementation takes place mainly on the seaside, but rapidly develop inland, occupying very diverse grounds from a geographical point of view (FIGURE 1). Agricultural practices and in particular the cultivation of domestic cereals are well documented both by the presence of seeds and by storage structures and harvesting tools (such as flint sickle blades). Domestic animals for which there are no wild local ancestors are observed, especially goats, and the same scenario is found with cereals. The settlements are composed of oval or rounded houses, with earth walls on wooden frames grouped into small villages. Caves and shelters remain exploited as annexes to a settlement or as temporary pit stops. All these groups mainly exploit local (< 5 km) and regional (up to about 40 km) resources, as shown in particular by the various raw materials used. Contacts at very long distances (> 100 km) remain very scarce.
In northern Italy, the Early Neolithic, or "Ancient Padan Neolithic", is identified from 5600-5400 CAL B.C. through several micro-regional aspects. It is principally centered around the Adige valley (Gaban group), the middle Pô valley (Fiorano and Vho groups), and the Mediterranean coast (Ceramica Impressa ligure) (Perrin 2005) . In the western Italian Alps the occupations dated to the first Neolithic are rare, and are all later than 5200 CAL B.C. (e.g., Isolino group). This indicates that, before this date, it is highly unlikely that any agro-pastoral group ever crossed the Alps through an east-west passage.
In southern France, the Cardial and Epicardial constitute the two major cultural entities of the Early Neolithic (Guilaine and Manen 2007; Manen and Perrin 2009 ). This distinction between both is essentially based on the typology of the techniques used to manufacture and decorate ceramics. They appeared around 5500 CAL B.C. on the Mediterranean shores, and while their expansion towards the west was swift, it was even quicker towards the north, following the Rhône axis (Perrin 2013) . In the high Rhodanian basin, the Gardon cave (Ain department) demonstrates the presence of Neolithic groups belonging to this cultural sphere as early as 5350-5000 CAL B.C. (Voruz 2009 ), at a time during which Mesolithic groups were still present, suggesting a co-existence between the two on the same territory (Perrin 2003) .
The chronocultural dynamics within this geographical area therefore suggest that the neolithization of northern French Alps was undertaken from the South of France and followed the Rhône valley, rather than through the Italian side of the massif.
Exploitation and diffusion of obsidian in the northwestern Mediterranean during the 6th millennium
In the western Mediterranean, the island obsidian sources of Pantelleria, Lipari, Palmarola, and Sardinia were clearly exploited from the beginning of the Neolithic (FIGURE 11). It is not impossible that they may have been exploited during the previous Palaeolithic and Mesolithic periods, but this remains uncertain (Vaquer 2007; Poupeau et al. 2010) .
The Ceramica Impressa (6000-5600 CAL B.C.) Neolithic culture appeared in the south of Italy at the beginning of the 6th millennium and used these obsidian sites (FIGURE 11A). The first exploited sources (Lipari and Pantelleria) are the nearest to the first peninsula dwellings, but more distant sources (Palmarola and Sardinia) were also used shortly after that and their products were diffused over long distances, as far as pioneering Impressa installations in Liguria (Arene Candide) and the South of France (Guilaine and Manen 2007) , dated to around 5800-5600 CAL B.C.
While previously present in the Impressa assemblages from southern France, obsidian disappears from this territory during the Cardial and Epicardial phases, between 5600 and 5000 CAL B.C. (FIGURE 11B ). During this period, it is solely found in Italy and Corsica, in cultural contexts attributed to the Tyrrhenian Cardial (the ones of the Isolino di Varese site [Tykot 1995] could not be considered as reliable due to the stratigraphical context and are probably related to the Middle Neolithic). The only obsidian object found outside of this cultural context is the bladelet from the Grande-Rivoire.
Chrono-cultural attribution of the bladelet from Grande Rivoire
From a morpho-typological point of view, unfortunately, the characteristics of the Grande Rivoire tool-a normal truncation on a bladelet-are not specific to a given period or culture. Indeed, this type of tool is widespread in the Castelnovian Second Mesolithic, Neolithic Impressa, Cardial, and Epicardial cultures (Binder 1987: 45, fig. 19 ), as well as in diverse groups of the Early Padanian Neolithic (Perrin 2005) . However, although the bladelet itself is not discriminating, the raw material and the usewear further guide analysis. Data confirms that the source of the obsidian is southern Sardinia, some 700 km due south of the site it was found at. This location makes primary procurement by those at the Grande Rivoire unlikely. It was thus probably extracted by Early Neolithic Tyrrhenian groups (Ceramica Impressa or Tyrrhenian Cardial) and then carried for some time (leading to wear of the object), before being recycled (leading to fresh retouch) and finally abandoned at the Grande Rivoire site.
These observations suggest two hypotheses for reconstructing the history of the bladelet. The first would be a very early production, attributable to the Ceramica Impressa culture (6000-5600 CAL B.C.), with a geographic extension incorporating the South of France around 5800-5600 CAL B.C. It would then have circulated for several centuries, either among the last contemporaneous native Mesolithic groups until being brought to Grande Rivoire, around 5300 CAL B.C., or a fully Neolithic group of hunters or a group in the neolithization process (i.e., Early Neolithic horizon without pottery). The marked use of the bladelet could support this hypothesis, but the absence of any comparable elements in North Alpine Mesolithic and Early Neolithic assemblages, as well as in the French Cardial and Epicardial, caution against this hypothesis.
The second hypothesis is more coherent from a chronological point of view and would suggest that this bladelet was produced during the early phases of the Tyrrhenian Cardial (5600-4800 CAL B.C.), at a time when other obsidian deposits were exploited and their products circulated in Corsica and Italy. The presence of this artifact at Grande Rivoire, around 5300 CAL B.C., points to transalpine contacts with Italian Neolithic communities, in parallel with strong links with farming communities from the South of France via the Rhone corridor (Cardial/Epicardial). In this case as well, the marked Figure 11 . Distribution maps of the obsidians from the Western Mediterranean during the Early Neolithic (small symbols) and of obsidian sources (large symbols). A) Shows data from 6000-5600 CAL B.C., and B) shows data from 5600-5000 CAL B.C. Only reliable sites (dated or contextualized) are presented on these maps, excluding surface finds or other incidental or isolated discoveries. CAD by T. Perrin and E. Gutscher. use of the bladelet reflects the long lifespan of the object, from its extraction in Sardinia to its abandon at the Grande-Rivoire site 700 km to the north.
Conclusion: Contribution of the Discovery to Reflections on the North Alpine Neolithization Process
The first signs of the Neolithic to appear in the northern French Alps around 5500-5200 CAL B.C., apart from several charred cereal grains, are flint lithic assemblages that are clearly related to agro-pastoral societies from the South of France (Cardial/ Epicardial). The absence of pottery and domestic fauna in these Alpine horizons suggests that these are either new southern Neolithic communities who adapted their economy to the mountainous environment (hunting activities), or native Mesolithic populations undergoing the acculturation process.
In this context, the discovery of a bladelet made of Sardinian obsidian does not enable us to settle on one of these two hypotheses, but it adds to the debate on the process of regional neolithization. Indeed, no obsidian artifacts had yet been discovered in North Alpine Mesolithic or Early Neolithic assemblages, or in Cardial and Epicardial contexts from the South of France. Therefore, the presence of this exotic element at Grande Rivoire broadens our study focus and raises questions about the role of Early Neolithic Italian cultures in this process.
The presence of this obsidian bladelet at Grande Rivoire could reflect a certain permeability of the Early North Alpine Neolithic culture to Italian influences. This contrasts sharply with the well-defined cultural boundary perceptible further south between the Cardial/Epicardial sphere (numerous BG3 type arrow armatures and absence of obsidian) and the Early Neolithic from the Tyrrhenian area (rarity of type BG3 arrow armatures and presence of obsidian). These first, discreet contacts between the northern French Alps and Italy could represent the initial stages of subsequent transalpine circulation, which then developed during the Middle and Final Neolithic.
Future research at the Grande Rivoire site, and more generally throughout the French north Alpine massifs, should thus work on tracking North Italian cultural components in Early Neolithic horizons, in order to accurately define the role played by transalpine cultures in regional neolithization. The discovery of new Tyrrhenian obsidian objects would allow us to confirm that the first agro-pastoral societies of the northern French Alps maintained regular contacts with the communities of northern Italy. On the other hand, should the discovery of the Grande-Rivoire remain a unicum, our perception of this object would change. It would then represent a truly exotic piece, one that was probably considered precious and potentially passed as an heirloom of sorts from one generation to the next.
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